Thin-sectioning of Bacillus subtilis ATCC 6633 protoplasts and cells has revealed electron-dense particles resembling cytoplasmic ribosomes in mesosomal tubules and vesicles.
An ultrastructural study of protoplasts of Bacillus subtilis ATCC 6633 by using thinsection methods has revealed the presence of electron-dense particles in dangling tubules and vesicles. Tryptose broth (Difco) cultures of this organism were incubated at 37 C on a shaker rotating at 160 rev/min. After 12 hr, a 1:20 dilution was made in fresh broth. Cells were harvested after 1 hr and 45 min, washed once with stabilizing medium (SM) consisting of 0.2 M sucrose and 0.02 M MgCl2 in 0.02 M sodium phosphate buffer, pH 7.0, and suspended to a density of 109 to 2 x 109 colonyforming units per ml. Protoplast conversion was complete within 30 min of incubation at 37 C with 500 ,g of egg white muramidase per ml.
Specimens were fixed by the addition of an equal volume of chilled 12.5% glutaraldehyde buffered to pH 7.0 with 0.05 M sodium phosphate and containing 0.2 M sucrose. After 2 hr the specimens were pelleted by centrifugation, embedded in 2% buffered agar, washed overnight with phosphate buffer, and placed in 2% osmium tetroxide in Millonig's buffer (5) for 1 hr. After dehydration in alcohol and two 15-min washes with propylene oxide, the specimens were infiltrated with an Epon 812 medium devised by R. P. Smith (personal communication) which consisted, on a volume basis, of 50% Epon 812, 46% Nadic Methyl Anhydride, and 4% dibutyl phthalate. Just before use, eight to niine drops of benzyldimethylamine were added as accelerator for 12 ml of the above mixture. Propylene oxideplastic mixtures at ratios of 2: 1, 1: 1, and 1: 2 were used for 1-hr infiltrations. Sections, stained with uranyl acetate and alkaline lead citrate, were examined in an AEI model EM 6B electron microscope.
Numerous tubules were found exterior to the protoplasts (Fig. 1 ). They were periodically inflated into small and large vesicles (Fig. 4) . Cylindrical segments (50 nm in diameter) were also present in the tubules (Fig. 3 ). Electrondense particles (P) were in the vesicles (Fig. 3 , 4), side-by-side in tubules (Fig. 4) , and at the juncture between tubule and protoplast (not shown).
The "string of pearl" morphology and small vesicular structures have been implicated as the accepted native forms of the mesosome (7, 8, 10) . The tubular and vesicular structures observed in the present study are assumed to be mesosomal in nature in spite of the fact that the larger vesicles and tubular segments are the dominant features in cells as well as in protoplasts prepared as described. Membranebound vesicles containing electron-dense particles were shown to be associated with transverse septa of cells which had been washed and incubated in SM (Fig. 2) methacrylate, but they did not know their significance. Nanninga (6) , by the freeze-etch method, noted "a little knob in the center of each vesicle cup" of B. subtilis mesosomes. The particles are assumed to be ribosomes because of their size and staining characteristics. Ghosh 
